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Search-based techniques in propositional satisfiability (SAT) solving have been enor-
mously successful, leading to what is becoming known as the “SAT Revolution”. Es-
sentially all state-of-the-art SAT solvers are based on the Davis-Putnam-Logemann-
Loveland (DPLL) technique, augmented with backjumping and conflict learning. Much
of current research in this area involves refinements and extensions of the DPLL tech-
nique. Yet, due to the impressive success of DPLL, little effort has gone into investigat-
ing alternative techniques. This work focuses on symbolic techniques for SAT solving,
with the aim of stimulating a broader research agenda in this area.

Refutation proofs can be viewed as a special case of constraint propagation, which is
a fundamental technique in solving constraint-satisfaction problems. The generalization
lifts, in a uniform way, the concept of refutation from Boolean satisfiability problems
to general constraint-satisfaction problems. On the one hand, this enables us to study
and characterize basic concepts, such as refutation width, using tools from finite-model
theory. On the other hand, this enables us to introduce new proof systems, based on rep-
resentation classes, that have not been considered up to this point. We consider ordered
binary decision diagrams (OBDDs) as a case study of a representation class for refuta-
tions, and compare their strength to well-known proof systems, such as resolution, the
Gaussian calculus, cutting planes, and Frege systems of bounded alternation-depth. In
particular, we show that refutations by ODBBs polynomially simulate resolution and
can be exponentially stronger.

We then describe an effort to turn OBDD refutations into OBBD decision proce-
dures. The idea of this approach, which we call symbolic quantifier elimination, is to
view an instance of propositional satisfiability as an existentially quantified proposi-
tional formula. Satisfiability solving then amounts to quantifier elimination; once all
quantifiers have been eliminated we are left with either 1 or 0. Our goal here is to study
the effectiveness of symbolic quantifier elimination as an approach to satisfiability solv-
ing. To that end, we conduct a direct comparison with the DPLL-based ZChaff, as well
as evaluate a variety of optimization techniques for the symbolic approach. In compar-
ing the symbolic approach to ZChaff, we evaluate scalability across a variety of classes
of formulas. We find that no approach dominates across all classes. While ZChaff dom-
inates for many classes of formulas, the symbolic approach is superior for other classes
of formulas.
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Finally, we turn our attention to Quantified Boolean Formulas (QBF) solving. Much
recent work has gone into adapting techniques that were originally developed for SAT
solving to QBF solving. In particular, QBF solvers are often based on SAT solvers.
Most competitive QBF solvers are search-based. Here we describe an alternative ap-
proach to QBF solving, based on symbolic quantifier elimination. We extend some
symbolic approaches for SAT solving to symbolic QBF solving, using various decision-
diagram formalisms such as OBDDs and ZDDs. In both approaches, QBF formulas are
solved by eliminating all their quantifiers. Our first solver, QMRES, maintains a set
of clauses represented by a ZDD and eliminates quantifiers via multi-resolution. Our
second solver, QBDD, maintains a set of OBDDs, and eliminate quantifiers by ap-
plying them to the underlying OBDDs. We compare our symbolic solvers to several
competitive search-based solvers. We show that QBDD is not competitive, but QM-
RESS compares favorably with search-based solvers on various benchmarks consisting
of non-random formulas.

References

1. Atserias, A., Kolaitis, P.G., Vardi, M.Y.: Constraint propagation as a proof system. In: Wallace,
M. (ed.) CP 2004. LNCS, vol. 3258, pp. 77-91. Springer, Heidelberg (2004)

2. Pan, G., Vardi, M.Y.: Symbolic decision procedures for QBF. In: Wallace, M. (ed.) CP 2004.
LNCS, vol. 3258, pp. 453-467. Springer, Heidelberg (2004)

3. Pan, G., Vardi, M.Y.: Search vs. symbolic techniques in satisfiability solving. In: Hoos, H.H.,
Mitchell, D.G. (eds.) SAT 2004. LNCS, vol. 3542, pp. 235-250. Springer, Heidelberg (2005)

4. Pan, G., Vardi, M.Y.: Symbolic techniques in satisfiability solving. J. of Automated Reason-
ing 35, 25-50 (2005)



	Symbolic Techniques in Propositional Satisfiability Solving
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




